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ABSTRACT 

Objective: To higWight the importance of the lung ventilation scintigraphy (LVS ) to study the regional distribution of lung ventilation 
and to describe most frequent abnormal patterns of lung ventilation distribution obtained by this technique in COPD and to compare the 
information obtained by LVS with the that obtained by tiaditional lung fimction tests. Material and methods: The research was done in 20 
patients with previously diagnosed COPD who were treated in Intensive care unit of Clinic for pulmonary diseases and TB "Podhrastovi" 
Clinical Center, University of Sarajevo in exacerbation of COPD during first three months of 2014. Each patient was undergone to testing of 
pulmonary fimction by body plethysmography and ventilation/perfusion lung scintigraphy with radio pharmaceutics Technegas, 111 MBq 
Tc -99m-MAA. We compared the results obtained by these two methods. Results: AU patients with COPD have a damaged lung function tests 
examined by body plethysmography implying airflow obstiuction, but LVS indicates not only airflow obstruction and reduced ventilation, 
but also indicates the disorders in distribution in lung ventilation. Conclusion: LVS may add further information to the fimctional evalua- 
tion of COPD to that provided by traditional limg function tests and may contiibute to characterizing the different phenotypes of COPD. 
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1. INTRODUCTION 

Redistribution of pulmonary ventilation is the one 
of the leading disorders in patients with chronic ob- 
structive pulmonary disease (COPD) and is one of the 
targets of treatments, either by drugs or mechanical 
ventilation. Lung ventilation scintigraphy (LVS) is a 
well known technique that is used to study the dis- 
tribution of ventilation (1) However, its application in 
current clinical practice has been poorly developed 
mainly because of methodological problems (1). 

Several patterns of distribution of pulmonary ven- 
tilation can be described in different airway diseases 
including COPD. These abnormalities are too subtle 
to be recognized by traditional lung function tests (1). 

Wider use of LVS may increase the knowledge and 
the management of COPD. Inhaled radio nuclide - 
labeled aerosols remain the most important clinical 
tools used to assess regional ventilation (2). However, 
Robertson (3) points out, according to earlier obser- 
vation (4), that aerosol deposition on the large con- 
ducting airways can significantly impair evaluation 
of the regional distribution of ventilation in patients 
with severe airflow obstruction. 

Robertson (3) suggests that this artifact can be min- 
imized with the use of Technegas as the aerosol la- 
bels, since the mean particle diameter is < 0.01 mi- 
cron. This size gives a higher functional deposition 
due to enhanced motion and is small enough to avoid 
impacting on airway walls. A ventilation lung scan 
performed with a gaseous tracer yields a picture of 



the total air space in the lungs. Inhaled particles have 
a smaller diffusion capacity; thus, they are carried 
only by convective airflow and can be considered as 
tracers for mass transport (respiratory space up to the 
21st order bronchioles) (5, 6). 

Qualitative evaluation of the ventilation consists of 
visual analysis of the intrapulmonary distribution of 
the inhaled radioactive aerosols, which allows identi- 
fication of the predominant pattern of deposition (7). 
The ND (normal deposition) pattern is characterized 
by normal distribution of radioactivity in both lung 
fields with clearly defined peripheral lung edges and 
a physiological apex-to-base gradient. 

The ID (inhomogeneous deposition) pattern shows 
patchy areas in the peripheral regions of the lungs 
due to altered deposition of the particles, so that the 
peripheral pulmonary edges are irregular or incom- 
plete. In the CD (central deposition) pattern, radio- 
activity is predominant in the hilar-parahilar region 
(i.e. close to the first of central bronchial generations) 
with an associated background of ID ventilation. The 
SD (spotty deposition) pattern (which corresponds to 
the extreme degree of inhomogeneity for ID of the in- 
haled particles) is characterized by focal deposition 
of radioactivity (spots) within low-radioactivity count 
areas. 

Finally, the MD (mixed deposition) pattern shows 
intermediate features in the distribution of ventila- 
tion. The CD that characterizes the MD can be asso- 
ciated not only with an ID pattern but also with SD 
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Table 1. Results of functional testing and LVS. Legend: %FEV1= (forced expiratory volume in one second) expressed as per cent 
of normal value for that patient according to sex, age, height and weight. LVS =lung ventilation scintigraphy rv= reduced lung 
ventilation. ID= inhomogeneous deposition pattern of radioactivity. CD=central deposition pattern of radioactivity. SD =spotty 
deposition pattern of radioactivity m=male; f= female 



pattern and with a mixed CD and SD pattern (1, 4, 7, 
8). The use of radioactive aerosols provides more de- 
tailed information on regional ventilation abnormali- 
ties caused by COPD (4, 7). 

Four specific patterns bearing a well defined patho- 
physiological meaning have been identified in ad- 
dition to the normal deposition (ND) pattern .These 
are the inhomogeneous deposition ( ID) pattern, the 
central deposition (CD) pattern, the spotty deposition 
(SD) pattern and the mixed deposition (MD) pattern 
(1,4,7,8). 

In COPD the redistribution of lung ventilation is 
determined by the airway obstruction and the paren- 
chymal damage because of associated emphysema. A 
mixture of ID, CD and SD (which is consistent with 
a diagnosis of emphysema) may be observed (1, 4, 7, 
8).The abnormality in regional lung ventilation may 
contribute to explain the pathophysiological abnor- 
malities observed in this disease (9, 10, 11). LVS may 
add further information to the functional evaluation 
of COPD, in addition to that obtained from the tra- 
ditional lung function tests, and may contribute to 
characterizing the different phenotypes of COPD (1). 

2. OBJECTIVE 

To highlight the importance of the LVS to study the 
regional distribution of lung ventilation and to de- 



scribe most frequent abnormal patterns of lung ven- 
tilation distribution obtained by this technique in 
COPD and to compare the information obtained by 
LVS with the that obtained by traditional lung func- 
tion tests- body plethysmography. 

3. MATERIAL AND METHODS 

The research was done in 20 patients with previ- 
ously diagnosed COPD who were treated in Inten- 
sive care unit of Clinic for pulmonary diseases and 
TB "Podhrastovi" CCU Sarajevo in exacerbation of 
illness during first three months of 2014. They were 
randomly selected. Patients were of different age, dif- 
ferent sex and different duration of illness. Each pa- 
tient was undergone to testing of pulmonary func- 
tion: by traditional lung function tests: body plethys- 
mography by standardized methodology, and venti- 
lation/perfusion lung scintigraphy with radio phar- 
maceutics Technegas,lll MBq Tc -99m-MAA iv. The 
functional testing was done in Clinic "Podhrastovi", 
LVS was done in The institute for nuclear medicine. 
We compared the results obtained by these two 
methods. 

Before doing LVS all patients did a complete spiro- 
pletizmographic processing as follows: FVC (forced 
vital capacity), FEVl (forced expiratory volume in one 
second), flow-volume curve, total pulmonary resis- 
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tance (Rt) including bronchodilator test, 
RV (residual volume), TLC (total lung 
capacity). The degree of impairment of 
lung function is primarily determined by 
FEVl because it is the most objective pa- 
rameter of lung function which indicates 
the obstructive and restrictive disorders 
of pulmonary function and indicates the 
type and degree of impairment of venti- 
latory pulmonary function. By ventila- 
tion/perfusion lung scintigraphy we fol- 
lowed the airflow obstruction and distri- 
bution of ventilation in both lungs. In all 
patients LVS showed the reduced ventila- 
tion and different types of distribution of 
lung ventilation. 
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4. RESULTS 

Results shown at the Table 1 show that 
all patients have airflow obstruction 
(measured by FEVl), and disordered dis- 
tribution of lung ventilation diagnosed 
by LVS 

All patients have different degree of 
airflow obstruction according to FEVl 
which is the basement of obstructive 
lung diseases including COPD , and all 
of them have different type of redistribu- 
tion of ventilation .All have reduced ven- 
tilation, ID pattern of inhomogeneity of lung venti- 
lation, alone or in combination with CD or with CD 
and SD pattern. 

The examples of body pletizmography and LSV for 
patient number 19 are shown on Figure 1 and 2 . 

On Figure 1 body plethysmography shows the high 
degree of airflow obstruction 

On Figure 2 ventilation- perfusion scintigraphy 
shows the reduction and redistribution of lung ven- 
tilation 
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Figure 1. Bodypletizmography of patient number 19 
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Figure 2. Ventilation/perfusion scintigraphy of patient number 19. 



5. DISCUSSION 

COPD is one of the obstructive pulmonary dis- 
eases. It is characterized by airflow obstruction and 
redistribution of ventilation. In COPD, the distribu- 
tion of lung ventilation is determined by the airway 
obstruction and the parenchymal damage because of 
associated emphysema Redistribution of pulmonary 
ventilation is one of the targets of treatments. Disor- 
ders of distribution of pulmonary ventilation are too 
subtle to be recognized by traditional lung function 
tests (1, Lung ventilation scintigraphy 
(LVS) is a well known technique that is 
used to study the distribution of venti- 
lation. However, its application in cur- 
rent practice has been poorly developed 
mainly because of methodological prob- 
lems. (1) 

The use of radioactive aerosols pro- 
vides more detailed information on re- 
gional ventilation abnormalities caused 
by COPD (4, 7). In particular, four spe- 
cific patterns bearing a well defined pato- 
physiological meaning have been identi- 
fied in addition to the normal deposition 
(ND) pattern .These are the inhomoge- 
neous deposition ( ID) pattern, the central 
deposition (CD) pattern, the spotty depo- 
sition (SD) pattern and the mixed deposi- 
tion (MD) pattern (1,4,7,8). This study was 
done on 20 patients with COPD .Each of 
them had damaged pulmonary function 
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by examined by spiropletizmographic processing, 
but LVS gave information about the distribution 
of lung ventilation. We did not repeat LVS after the 
treatment (either drugs or mechanical ventilation) so 
we have no data of changing of distribution of lung 
ventilation after healing acute exacerbation of COPD. 

In COPD mixture of ID, CD and SD may be ob- 
served that indicates on different degree of airflow 
obstruction in different parts of lungs. All our ex- 
amined patients have different degree of airflow ob- 
struction according to FEVl which is the basement of 
obstructive lung diseases including COPD , and all 
of them have different type of redistribution of ven- 
tilation .All have reduced ventilation, ID pattern of 
inhomogeneity of lung ventilation, alone or in com- 
bination with CD or with CD and SD pattern (mixed 
pattern). That indicates on different degree of airflow 
obstruction in different parts of lungs most expressed 
in peripheral airways and the association of airflow 
obstruction and parenchymal lung damage e.g. em- 
physema. 

There is the need to continue this examination for 
further evaluation of this technique (LVS) so to in- 
clude this technique in routine diagnostics and as- 
sessment of COPD to provide the improvement in 
therapy of this illness which is the fourth of leading 
cause of death in the world (12). Preliminary observa- 
tions suggest that the sensitivity of LVS for detecting 
abnormalities in subjects with airway obstructive 
diseases is high (>90%). Also, the specificity of spe- 
cific patterns of lung ventilation (such as CD or SD for 
asthma or emphysema, respectively or ID for COPD) 
has been found to be high (13). 

6. CONCLUSION 

LVS may add further information to the functional 
evaluation of COPD, in addition to information ob- 
tained from the traditional lung functional tests, and 
may contribute to characterizing the different pheno- 
types of COPD and to improvement in diagnostics 
and therapy of COPD. 
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